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ABSTRACT: 

PURPOSE: To generate phase conjugate wave in high efficiency by providing 
an 

optical fiber cable generating stimulated Brillouin scattering in a phase 
conjugate generation part. 

CONSTITUTION: This device is provided with the phase conjugate wave 
generation part 20 generating the phase conjugate wave of an optical signal 
inputted from a light input terminal 3, a branch part 5 coupling the optical 
signal made incident from the light input terminal 3 to a light output terminal 
8 and coupling the phase conjugate wave generated by the phase conjugate 
wave 

generation part 20 to the light output terminal 8. Then, the phase conjugate 
wave generation part 20 is provided with the scattering optical fiber cable 6 
generating the stimulated Brillouin scattering, and one end of the cable 6 is 
connected to the branch part 5. The cable 6 is provided with a length 
sufficient for that the greater part of a stimulated Brillouin scattering beam 



by optical energy incident from one end is returned to the one end. Further, 
it is preferable that optical amplifiers 4, 7 are inserted and provided between 
the light input terminal 3 and the branch part 5 and between the branch part 5 
and the light output terminal 8 respectively. 
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Japanese Unexamined Patent Publication No. 7-199244 
(Published on August 4, 1995) 

SPECIFICATION 

[Title of the Invention] 

OPTICAL WAVEFORM DEGRADATION COMPENSATING APPARATUS 

[Scope of Claims for Patent] 

[Claim 1] An optical waveform degradation compensating apparatus 
comprising: an optical input terminal 3 inserted onto the halfway of an optical fiber 
transmission path to be connected with the transmission side of said optical fiber 
transmission path; an optical output terminal 8 inserted onto the halfway of said 
optical fiber transmission path to be connected with the reception side of said optical 
fiber transmission path; a phase conjugate wave generating section 20 that 
generates a phase conjugate wave of an optical signal input from said optical input 
terminal 3; and a branching section 5 that couples the optical signal incident from 
said optical input terminal 3 to said optical output terminal 8, and also couples the 
phase conjugate wave generated in said phase conjugate wave section 20 to said 
optical output terminal 8, 

wherein said phase conjugate wave generating section 20 comprises an 
optical fiber cable 6 generating the stimulated Brillouin scattering, and one end of 
said optical fiber cable 6 is connected with said branching section 5. 

[Claim 2] An optical waveform degradation compensating apparatus 
according to claim 1 , 

wherein said optical fiber cable 6 has the length sufficient for a major part of 
a stimulated Brillouin scattered light due to optical energy, which is incident from said 
one end, to return to said one end. 

[Claim 3] An optical waveform degradation compensating apparatus 
according to claim 1, 

wherein said apparatus is inserted onto a substantially half location of said 
optical fiber transmission path. 
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[Claim 4] An optical waveform degradation compensating apparatus 
according to claim 1 , 

wherein said apparatus comprises an optical amplifiers inserted between 
said optical input terminal 3 and said branching section 5, and an optical amplifier 
inserted between said branching section 5 and said optical output terminal 8. 

[Detailed Description of the Invention] 

[Industrial Field of the Invention] 

The present invention is utilized for optical communications, and in particular, 
relates to a technology for compensating for the signal waveform degradation which 
is generated due to the wavelength dispersion or an optical nonlinear characteristic 
in a long distance optical transmission system, by utilizing a phase conjugate wave. 

[Related Art] 

Conventionally, there has been known a technology for compensating for 
the signal waveform degradation in an optical communication system, by utilizing a 
phase conjugate wave of an optical signal. The theory of this technology is recited 
as "distortion correction theorem" in the literature (translation of the original literature 
"Introduction to optical electronics" by Amon Yariv, third edition), pp539-540, 
published by Maruzen Co., Ltd. In recent years, as methods of generating the 
phase conjugate wave in order to compensate for the signal waveform degradation, 
there have been proposed a method using a nonlinear optical crystal and a method 
utilizing the four-wave mixing in an optical fiber or in a semiconductor laser amplifier. 

A conventional example will be described ; referring to FIG. 4. FIG 4 is a 
block diagram of an optical waveform degradation compensating apparatus in the 
conventional example. An optical signal transmitted from an optical transmission 
section 1 reaches an optical input terminal 3 of an optical waveform degradation 
compensating apparatus 21 via an optical fiber cable 2. This optical signal is input 
to a phase conjugate wave generating section 20, in which a phase conjugate wave 
of the optical signal is generated. This optical signal has an input waveform and an 
output waveform which are symmetric to each other, and is received by an optical 



2 



reception section 10 via an optical output terminal 8 and an optical fiber cable 9. 

Next, a theory of waveform degradation compensation will be described. 
The optical waveform degradation compensating apparatus 21 is inserted onto a 
half location between the optical fiber cables 2 and 9. The optical fiber cables 2 
and 9 have the substantially equal lengths of several hundred kilometers, for 
example. At this time, if transmission characteristics of the optical fiber cables 2 
and 9 are the same, a degradation characteristic which has already acted on the 
optical signal reached the optical input terminal 3, and a degradation characteristic 
which will act on the optical signal during a period of time from the optical signal is 
output from the optical output terminal 8 until the optical signal reaches the optical 
reception section 10 t are substantially the same, j Accordingly, if an optical signal, 
which is symmetric to the optical signal reached the optical input terminal 3, is output 
from the optical output terminal 8, this optical signal is degraded by the optical fiber 
cable 9 to be restored to have a waveform similar to that of the original signal 
transmitted from the optical transmission section 1. Thus, the waveform 
degradation compensation is performed. 

[Problems to be solved by the Invention] 

In order to generate the phase conjugate wave by the known four-wave 
mixing, it is necessary to prepare a separate pumping light source with high power of 
20dBm or above. Further, this pumping light source needs the combination of a 
laser light source and an optical amplifier, and therefore, a configuration thereof 
becomes complicated. Even if such a high powered pumping light source is used, 
in the present technology, the generating efficiency of the phase conjugate wave (a 
ratio of the phase conjugate wave power to the signal light power) is 1/100 or less 
than 1/100. Further, in this configuration, the phase conjugate wave is generated to 
have a wavelength symmetric to an original signal waveform, with respect to a 
pumping light wavelength. In compensating for the signal waveform degradation 
utilizing the phase conjugate wave, ff the wavelength of the signal propagated 
through the former half of the optical transmission path is different from the 
wavelength of the phase conjugate wave propagated through the latter half of the 
optical transmission path, naturally, an error is undesirably caused when the 
wavelength degradation is compensated. Due to such a restriction, the 
conventional configuration based on the four-wave mixing can only compensate for 
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the waveform degradation due to an influence of dispersion, and accordingly, it is 
hard to compensate for the waveform degradation due to other causes (an influence 
of optical nonlinear phenomenon and the like). 

The present invention has been accomplished in view of the above 
problems and has an object to provide an optical waveform degradation 
compensating apparatus for generating a phase conjugate wave with high efficiency 
by utilizing the stimulated Brillouin scattering, to compensate for the signal waveform 
degradation in a long distance optical fiber communication system using the 
generated phase conjugate wave. 

[Means for solving the Problems] 

According to the present invention, an optical signal reached from the 
transmission side is coupled to a phase conjugate wave, which generates a phase 
conjugate wave of the optical signal, to be sent out to the reception side. Here, the 
present invention is characterized in that a phase conjugate wave generating 
section is an optical fiber cable generating the stimulated Brillouin scattering. By 
using the optical fiber cable generating the stimulated Brillouin scattering, ft is 
possible to generate a desired phase conjugate wave with high efficiency. Further, 
it is desirable that an optical waveform degradation compensating apparatus of the 
present invention comprises optical amplifiers. 

Namely, the present invention provides an optical waveform degradation 
compensating apparatus comprising: an optical input terminal 3 Inserted onto the 
halfway of an optical fiber transmission path to be connected with the transmission 
side of the optical fiber transmission path; an optical output terminal 8 inserted onto 
the halfway of the optical fiber transmission path to be connected with the reception 
side of the optical fiber transmission path; a phase conjugate wave generating 
section 20 that generates a phase conjugate wave of an optical signal input from the 
optical input terminal 3; and a branching section 5 that couples the optical signal 
incident from the optical input terminal 3 to the optical output terminal 8, and also 
couples the phase conjugate wave generated in the phase conjugate wave section 
20 to the optical output terminal 8, wherein the phase conjugate wave generating 
section 20 comprises an optical fiber cable 6 generating the stimulated Brillouin 
scattering, and one end of the optical fiber cable 6 is connected with the branching 
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section 5. 

it is desirable that the optical fiber cable 6 has the length sufficient for a 
major part of a stimulated Brillouin scattered light due to optical energy, which is 
incident from the one end, to return to the one end. It is desirable that the optical 
fiber cable 6 has the length of 1 to 30km for the practical use, and further desirably, 
10 to 20km. 

The apparatus of the present invention is preferably inserted onto a 
substantially half location of the optical fiber transmission path. 

The apparatus of the present invention preferably comprises an optical 
amplifier inserted between the optical input terminal 3 and the branching section 5, 
and an optical amplifier inserted between the branching section 5 and the optical 
output terminal 8. 

[Function] 

According to the present invention, in constructing a system for 
compensating for the signal wave degradation in the optical communication which 
uses the optical fiber cable, by utilizing the phase conjugate wave, differently from 
the conventional technology for generating the phase conjugate wave utilizing the 
four-wave mixing in the optical fiber cable or in the semiconductor laser amplifier, the 
stimulated Brillouin scattering in the optical cable fiber is utilized. 

Only a negative aspect has been known in the relationship between the 
stimulated Brillouin scattering and the long distance optical communication using the 
optical fiber cable. Namely, in order to transmit the optical signal through the optical 
fiber cable over a long distance, it is necessary that the optical signal power as high 
as possible is incident on the optical fiber cable. However, if the incident optical 
signal power exceeds about 10dBm, the stimulated Brillouin scattering is generated, 
so that a major part of the incident power returns to the incident end. Therefore, 
there has been known that the upper limit of the optical signal power capable to be 
incident on the optical fiber cable is restricted. Although the major part of the 
incident optical signal power is returned as the stimulated Brillouin scattering, the 
present invention pays an attention to the fact that the stimulated Brillouin scattered 
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light is in a phase conjugate relation with the incident light, and accordingly, 
proposes to apply the stimulated Brillouin scattering to the transmitted wave 
degradation compensation. 

In the present invention, since the stimulated Brillouin scattering in the 
optical fiber cable is utilized in place of the four-wave mixing, the generation 
efficiency of the phase conjugate wave is normally 1/10 or above, and accordingly, it 
is also possible to achieve the significantly high efficiency of 1/2 or above (ten to fifty 
times of the conventional four-wave mixing method). Further, the present invention 
has a large advantage in that the phase conjugate wave whose wavelength change 
is significantly small can be generated. The wavelength change of the stimulated 
Brillouin scattered light is less for about 0.1 nm with respect to the signal light (in the 
examination report in which the phase conjugate wave is generated by the 
four-wave mixing, the wavelength of the phase conjugate wave is changed by 6nm 
to 8nm from that of the original signal). As a result, according to the phase 
conjugate wave generated in the present invention, it is possible to collectively 
compensate for, with high efficiency, the waveform degradation due to the cause 
(influence of the optical nonlinear phenomenon, such as the self-phase modulation 
or the four-wave mixing (in particular, In the case of wavelength division multiplexing 
system) other than an influence of dispersion. 

The present invention is useful to further improve the performance of the 
optical communication technology, which becomes possible to transmit the optical 
signal while keeping the optical waveform thereof over the ultra-long distance of ten 
thousand kilometers due to the recent advent of optical amplifiers. 

[Embodiments] 

A configuration of a first embodiment according to the present invention will 
be described referring to FlGt 1. Fid 1 is a block diagram of an apparatus of the 
first embodiment according to the present invention. 

An optical waveform degradation compensating apparatus 21 in the present 
invention comprises: an optical input terminal 3 inserted onto the halfway of an 
optical fiber cable 2 to be connected with the optical fiber cable 2; an optical output 
terminal 8 inserted onto the halfway of an optical fiber cable 9 to be connected with 
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the optical fiber cable 9; a phase conjugate wave generating section 20 that 
generates a phase conjugate wave of an optical signal input from the optical input 
terminal 3; and a branching section 5 that couples the optical signal incident from the 
optical input terminal 3 to the optical output terminal 8, and also couples the phase 
conjugate wave generated in the phase conjugate wave section 20 to the optical 
output terminal 8. 

Here, the present invention is characterized in that the phase conjugate 
wave generating section 20 comprises a scattering optical fiber cable 6 generating 
the stimulated Brillouin scattering, and one end of the scattering optical fiber cable 6 
is connected with the branching section 5. The scattering optical fiber cable 6 has 
the length sufficient for a major part of a stimulated Brillouin scattered light due to 
optical energy, which is incident from the one end, to return to the one end. Further, 
the optical fiber cables 2 and 9 have the lengths substantially equal to each other. 
Moreover, the optical waveform degradation compensating apparatus 21 comprises 
an optical amplifier 4 inserted between the optical input terminal 3 and the branching 
section 5, and an optical amplifier 7 between the branching section 5 and the optical 
output terminal 8, respectively. 

Next, an operation of the first embodiment according to the present 
invention will be described. An intensity modulated light from an optical 
transmission section 1 reaches the optical input terminal 3 via the optical fiber cable 
2 on the input side. During the light is being propagated through the optical fiber 
cable 2, the optical signal waveform thereof is distorted by an influence of the optical 
nonlinear phenomenon such as the self-phase modulation or the four-wave mixing 
(in particular, in the case of wavelength division multiplexing system) other than the 
wavelength dispersion. This signal is amplified by the optical amplifier 4 and 
passes through the branching section 5, to be input to the scattering optical fiber 
cable 6. To be specific, the branching section 5 is a typical fiber coupler or a typical 
half minor The scattering optical fiber cable 6 receives the signal incidence to 
generate the stimulated Brillouin scattering. The resultant stimulated Brillouin 
scattered light reversely travels through the scattering optical fiber cable 6, and is 
branched from an optical transmission path by means of the optical fiber cable in the 
branching section 5, and is amplified by the optical amplifier 7. Then, the amplified 
light is propagated through an optical transmission path by means of the optical fiber 
cable 9 on the output side, which is connected with the optical output terminal 8, to 
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reach an optical reception section 10. The stimulated Brillouin scattered light, 
which is generated when the scattering optical fiber cable 6 receives the optical 
signal incidence, is in a phase conjugate relation with the input signal (refer to the 
reference literatures: "Correction of phase aberrations via stimulated Brillouin 
scattering" by V. Wang and C. R. Giuliano, Opt Lett, Vol. 2, No. 1, pp.4-6, 1978; and 
"Stimulated effects in N2 and CH4 gases" by T. A. Wiggins, R. V. Wick and D. H. 
Rank, Appl. Opt, VaL 5, No. 6, pp. 1069-1072, 1966). 

Here, if the optical waveform degradation compensating apparatus 21 is 
inserted onto a naif location between the input side optical fiber cable 2 and the 
output side optical fiber cable 9 (that is, the lengths of both optical fiber cables are 
equal to each other), and also, fiber parameters relating to transmission 
characteristics of both optical fiber cables are the same, the signal waveform which 
has been degraded during the process in which the signal is being propagated 
through the input side optical fiber cable 2, returns to the waveform state of the time 
when the signal starts an inlet of the input side optical fiber cable 2, when the 
waveform of the input signal is converted into a wave which is in the phase 
conjugate relation with the input signal wave by the optical waveform degradation 
compensating apparatus 21 to be propagated through the output side optical fiber 
cable 9, and reaches the optical reception section 10. As a result, it is possible to 
avoid the waveform degradation. 

Here, as the scattering optical fiber cable 6, since it is necessary to generate 
with high efficiency the stimulated Brillouin scattering when receiving the signal 
incidence, it is desirable to use a single mode fiber of small mode field diameter in 
the used wavelength, so that the high signal power density can be obtained. 
Typically, the signal intensity of 10dBm or above is necessary for generating the 
stimulated Brillouin scattering. The length necessary for the scattering optical fiber 
cable 6 is estimated to be about 10 to 20km or above. End portions of the 
scattering optical fiber cable 6 need to be subjected to the non-reflective processing, 
in order to prevent that the signal is reflected just as it is, to be mixed into the 
stimulated Brillouin scattered light 

Further. FIG. 2 is a diagram showing a configuration in which optical 
amplifiers 11 and 12 are connected in series on the halfway of the input side optical 
fiber cable 2, and optical amplifiers 1 3 and 14 are connected in series on the halfway 
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of the output side optical fiber cable 9, (here, as one example, respective two 
amplifiers are shown). In this case, amplified spontaneous emission light noises 
are generated in the respective optical amplifiers 11, 12, 13 and 14. Since these 
amplified spontaneous emission light noises are randomly independent of each 
other, influences of these noises cannot be compensated in principle by the phase 
conjugate which is the base of the present invention. However, in comparison with 
a rate of waveform degradation generated due to the wavelength dispersion, the 
self-phase modulation, the four-wave mixing (in particular, in the case of the 
wavelength division multiplexing system) or the like, there is a less rate of waveform 
degradation due to the influence of the amplified spontaneous emission light noise 
generated in each of the optical amplifiers 11, 12, 13 and 14 on the halfway of the 
transmission path. Accordingly, even rf several optical amplifiers are inserted onto 
the halfway of the transmission path as shown in FIG 2, the compensating 
apparatus of the present invention operates high effectively. 

Next, a second embodiment of the present invention will be described 
referring to FIG 3. FIG 3 is a block diagram showing an apparatus of the second 
embodiment according to the present Invention. FIG 3 shows a configuration 
example in which an optical amplifier 15 capable of bi-directionally operating is used, 
in place of the optical amplifiers 4 and 7 each operating in one direction, which have 
been used in the first embodiment of the present invention. Since the single optical 
amplifier 15 may be used, the number of parts can be reduced, and also, since only 
one portion of the scattering optical fiber cable 6 may be processed, the number of 
man-hour can be reduced. 

[Effects of the Invention] 

As described above, according to the present invention, in compensating for 
the signal wave degradation in the optical fiber communication system by utilizing 
the phase conjugate wave, differently from the conventional technology for utilizing 
the four-wave mixing in the optical fiber or in the semiconductor laser amplifier, it is 
possible to generate the phase conjugate wave with high efficiency without changing 
the wavelength, by utilizing the stimulated Brillouin scattering in the fiber. In the 
present invention, the phase conjugate wave generating section is the optical fiber, 
and therefore, is easy to fit with the communication optical fiber cable. Accordingly, 
the present invention has a large advantage in that the waveform degradation due to 
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the cause (the influence of the optical nonlinear phenomenon or the like) other than 
the influence of dispersion, can be collectively compensated with high efficiency. 

As a result, at the present time where the optical amplifier of high gain and 
low noise has been developed, there are two types of factors restricting the 
transmission distance of the optical transmission system (distance capable of 
transmitting without converting the optical signal into the electric signal), that is, the 
wavelength dispersion of the fiber and the various optical nonlinear phenomena 
based on the optical Kerr effect Up to this date, many methods of overcoming the 
former factor have been proposed and demonstrated, and accordingly, the future 
development of these methods are expected. However, any method of 
overcoming the latter factor has not been proposed. Consequently, the present 
invention which proposes the specific apparatus configuration for effectively 
overcoming the fiber dispersion restriction and the nonlinear restriction, contributes 
to the future increase of the transmission distance of the optical transmission 
system. 

[Brief Explanation of the Drawings] 

[FIG 1] a block diagram of a first embodiment of the present invention; 

[FIG 2] a diagram showing a configuration in which optical amplifiers are 
connected in series on the halfway of an input side optical fiber cable and on the 
halfway of an output side optical fiber cable; 

[FIG 3] a block diagram of a second embodiment of the present invention; and 

[FIG 4] a block diagram of a conventional optical waveform degradation 
compensating apparatus. 

[Numeral Explanation) 

1 optical transmission section 

2, 9 optical fiber cable 

3 optical input terminal 
4, 7, 11 to 15 optical amplifier 

5 branching section 

6 scattering optical fiber cable 
8 optical output terminal 
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optical reception section 

phase conjugate wave generating section 

optical waveform degradation compensating apparatus 
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